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INTRODUCTORY 

ARGUMENTS pro and con regarding the lighting of city streets have long ago been 
/ ^k thrashed out. There are few people now who do not recognize the value of 
JL JL light in the promotion of business, increasing of real estate values, solution of 
traffic problems, protection from criminals, minimizing of street accidents, stimulation of 
sanitation and beautification of the city. It would be hard to find a city today which is 
not lighted, and there are not many left which are not electrically lighted. 

While the ends to be attained by street lighting are obvious, the means may be more 
or less obscure to the layman. What streets should be lighted? What kinds of lights should 
be used? How much light is necessary and how much desirable? These are puzzling 
questions. 

It was for the purpose of showing how the General Electric Company is able to answer 
these questions that this booklet was prepared. It is easy in a catalog to show pictures of 
street lighting equipment, to show brass and copper, cast iron and glass and to describe 
porcelain and paint; but in General Electric equipment there is something more which 
does not show in pictures and which cannot be described in words; yet, something which 
is built into every globe, lamp, bracket and casing, something which makes it better than 
others. This something is the experience, research, and service of an organization which 
has always been the leader in the street lighting field. It is that intangible thing which 
gives character and reputation. It is that which makes street lights more than just lights. 

The first four sections of this booklet, written by men prominently identified with 
street illumination, presents the subject briefly. The remainder is devoted to outlining 
some of the resources of the General Electric Company which are at the service of the 
public for the lighting of its cities. 

Back of nearly all street lighting is a desire for civic improvement. Through the efforts 
of public-spirited organizations and individuals our communities are becoming more 
pleasant to live in. Parks and playgrounds, paved streets, water works, public buildings, 
and sanitary commissions, once considered luxuries, are now necessities. Street lighting 
also has become a necessity, but from the standpoint of adding attractiveness to a city 
or town, what is there to be compared with the splendor of well lighted streets? 
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LIGHTING 

'HEN Prometheus stole the luminous spark from the gods and gave it to man, 
ins making him the master of light and power, his upward climb began, 
from the animal to the godlike master of nature. Indeed, the conquest of the 
fire and the mastery of light and heat, which it gave, was the greatest step in the develop- 
ment of the human race, was the dividing line between animal and man. 

Through ages, light and illumination was a luxury of the great ones of the earth, the 
kings and rulers; but for the common man, with the setting of the sun the day of activity 
ended. 

Even throughout the middle ages and into modern times, up to a few generations ago, 
the streets of the cities and towns belonged to the citizen during the daytime only, to go 
about and attend to his business; but when night came and the sun went down, the streets 
and highways belonged to the thief and the robber, and the peaceful citizen stayed indoors, 
or if he had to go out, servants preceded him with torches or lantern, to light his way. 

The idea of lighting the streets continuously, to make them safe and available for the 
citizen during the nighttime, is new; it had to wait the development of the art of illumi- 
nation. 

And even today we have two kinds of street and highway lighting: illumination to 
see by, to see the objects on the road, the people, carriages, and automobiles; and illumi- 
nation to see the road, so that you do not run off without knowing it, just as pilot lights 
on the canal show the ship the course. Which kind of illumination is that of your city, 
and particularly in the side streets and alleys? 

The invention of the arc lamp was the first great step which made real street lighting 
possible. Indeed, when the arc lamp was first developed its mass of light was so over- 
poweringly large compared with all previous illuminants that people conceived the 
ambitious idea they could light with it not only the streets, but the entire city, back 
yards and everything, and so they put a number of arc lamps on high towers distributed 
through the city. It was too ambitious a scheme, and we had to come back from the 
attempt to light all outdoors, and be satisfied to light merely the streets. 

But the means for efficient and economical street lighting were given increasingly 
by the development of ever more efficient and more powerful electric lamps for white way 
lighting in the centers and business districts of our cities, and in various sizes and powers of 
efficient and economical illuminants fitting all requirements from the main street to the 
side alley or the suburban residence. 
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DEVELOPMENT OF THE INCANDESCENT LAMP 






THE commercial introduction of the incandescent lamp was started in 1880, current 
being distributed by a constant potential, multiple system of wiring. The series 
system was being successfully used for street lighting with the carbon open arc 
lamp, and as a demand came for a smaller street lighting unit, a series incandescent lamp 
was developed. A special high voltage direct-current dynamo was also developed. There 
were several series circuits on each dynamo, the current in each circuit being kept constant 
by an adjustable resistance. 

Series open arc lamps were designed to operate at about ten amperes. It was not 
possible to make a good incandescent lamp for this high current as it required too thick 
and short a carbon filament. Later when the series enclosed arc lamp was developed for 
6,6 and 7.5 amperes a few carbon incandescent lamps were made. 

About 1905 the Gem series incandescent lamp became available. This had a metallized 
carbon filament and was 25 per cent more efficient than the previous carbon lamp. It was 
made in the same sizes, but was soon supplanted by the tungsten filament lamp which 
appeared in the latter part of 1907. This lamp was four times as efficient as the carbon 
lamp and soon drove the carbon and Gem series lamps out of the market. Tungsten 
filament series lamps could be made for the higher amperes and soon the 6.6 ampere 
became the standard series circuit with these lamps. They could also be made in even 
larger sizes, up to 400 candle-power, and were much more efficient than the enclosed 
carbon arc lamp, which gave about 200 candle-power and which, therefore, soon dis- 
appeared from use. 

About 1913 the Mazda C lamp with its tungsten filament operating in an inert gas, 
was put on the market, being 50 per cent more efficient than the vacuum lamp. This made 
it economically possible to make even larger sizes, 600 and 1000 candle-power and later 
1500 and 2500 candle-power. 

Up to 1913, when the Mazda C lamp first appeared, there had been a steady increase 
in the number of streets lighted with incandescent lamps aggregating at that time about 
60,000,000 candle-power. In 1921 this figure had increased to over half a billion. 

The first series incandescent lamp consumed 65 watts and gave 16 candle-power. The 
smallest lamp now regularly made consumes 45 watts and gives 60 candle-power. The 
largest street lighting lamp regularly made consumes 1200 watts and gives 2500 candle- 
power. It gives 150 times as much light as the first lamp and is eight times as efficient. 
The development work which produced this result never ceases. Even further progress 
must be made to satisfy the demand of the people for brighter, lighter streets. 
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Director of the Thomson Research Laboratory of the 
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DEVELOPMENT OF ARC LAMPS 

'HEX, at almost the beginning of the past century, Sir Humphry Davy, in 
London, used charcoal electrodes with his many hundred cell battery, and 
drew the first carbon arc, he had no conception of the great future of this 
arc in lighting. It was, to him, a scientific discovery in the form of a " glorious experiment," 
having no relation to practical illumination. 

Arc lighting on a commercial scale did not begin until early in 1879 wnen Brush in 
Cleveland began to make series machines. The first Thomson-Houston arc dynamo was 
built in the same year in Philadelphia, a direct-current machine which ran a maximum 
of nine arc lights in series. In these early days lamps were operated without any protection 
around the arc. Later, globes were added to improve the steadiness of the arc. 

After a number of years, came into existence the "Enclosed Arc," the carbons of 
which were surrounded by a small opalescent enclosing globe. By enclosing the arc with a 
limited supply of air the rate of combustion of the carbons was diminished and main- 
tenance cost correspondingly decreased. Considerable application was made of this type 
of enclosed lamp on no-volt direct-current circuits and later on series circuits. It could 
hardly be regarded as a step in advance for the light production by alternating current 
was at such a low economy as to be scarcely better than the carbon filament incandescent 
lamp then used. 

Then came the period when the development of the flame arc gave a new impetus to 
the business. In the carbon arc, the major source of the light was the highly heated ends 
of the carbons, while the flame contributed little to the lighting effect. With the flame arc, 
the current produced a highly luminous flame, and the electrodes themselves became 
entirely secondary, while the flame itself became the important source of light on both 
direct and alternating current. 

The development now known as the direct current "Magnetite Arc" and extensively 
applied consisted of an arc between electrodes, one or both containing magnetic oxide of 
iron with other admixtures to improve the economy of light production, and the steadiness 
of the light, with longer burning of the electrodes. These magnetite or luminous arc lamps 
were substituted for the carbon and flame arc, and the constant current type of transformer, 
coupled with the mercury arc rectifier, supplied a rectified direct current for these lamps. 

These improvements and developments were substantially the outcome of the labora- 
tories of the General Electric Company which was formed in 1892 by the consolidation of 
the Edison General and the Thomson-Houston Companies, and which has supplied and 
installed from its factories by far the great majority of arc lamps in use. There will without 
question be other important developments in the future from this same source of advance. 
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STREET LIGHTING 



A WELL lighted street insures protection, speedy traffic and a general freedom in 
our nocturnal activities. The progress of a city is recorded in its buildings, streets 
and parks, all of which must be adequately lighted in order to extend their value 
into the night. 

Street lighting has become a public necessity and as such it demands the most careful 
consideration by engineers and municipal governments. The vast sums spent in the 
development of street lighting equipment will be largely wasted unless proper application 
is made of such equipment. 

A lighting unit is efficient to the degree that it fulfills the purpose for which it is 
intended. The street lamp is primarily erected for its protective value but systems charac- 
terized as " white ways" or ornamental may become architectural assets to the street, 
boulevard or park in which they are installed, provided the proper care is taken in the 
selection of standards and lighting units. Practical requirements need not be given con- 
sideration to the exclusion of the aesthetic, for it is always possible to combine the two 
satisfactorily and economically. 

The prime requisites of good street lighting may be listed as follows: 

i. An efficient lighting source in terms of quantity and quality of light output. 

2. A distribution of light adaptable to the illumination requirements. 

3. A combination of unit and standard, architecturally harmonious in themselves 

and to their surroundings. 

4. A lighting unit, standard, distribution system, and substation equipment that 

are mechanically and electrically safe and durable and easy of installation 
and maintenance. 

5. A scientific lighting plan. 

For purposes of lighting, streets may be classified into five groups: white ways, sec- 
ondary business streets, residential streets, parkways, and highways. 

The " Intensive White W 7 ay" differs from the ordinary White Way in that two or 
more of the largest size illuminants are used on tall standards of a monumental character. 
This epoch in street lighting which had its inception on Market Street, San Francisco, is 
rapidly spreading. 

Outside of the W 7 hite Way there is still a general use of pendent type fixtures with 
overhead wires but the tendency is toward units and standards of an ornamental character 
fed from underground cables. Several cities have adopted the plan of standardizing their 
street lighting by using a so-called "family of lighting standards" similar in design but 
graduated in scale to suit the various conditions encountered in a large city. 

Outlying partially developed districts may best be lighted with 1000 and 2500 lumen 
Mazda lamps in fixtures of the open reflector type from overhead wiring. 



Heavily traveled highways should be illuminated. Special units of the double projector 
type which confine practically all the light to the road surface have been devised. With 
reflectors of this type excellent illumination, sufficient for driving without headlights, may 
be obtained from 2500-lumen lamps, mounted 30 feet high and spaced 300 feet apart. 

The accompanying table briefly outlines present practice in the illumination of our 
streets by ornamental standards and underground wiring. 
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Class of Street 


Available Lamps 


Mounting 

Height 

Feet 


Feet of 
Street per 
Standard 


Lumens per 
Foot of 
Street 


Intensive White Way 


6.6-ampere Luminous Arc Lamps 
15,000- and 2s,ooo-lumen Mazda Lamps 


18-25 




300-800 


White Ways 

Principal Business Streets 


6.6-ampere Luminous Arc Lamps 
10,000- and 15,000-lumcn Mazda Lamps 


14-16 


40-65 


200-400 


White Ways 

Secondary Business Streets 


6.6-ampere Luminous Arc Lamps 

6000-, 10,000-, and 15,000-lumen Mazda Lamps 


1 4-1 6 


40-65 


125-250 


Main Thoroughfares 


4000-, 6000-, and 10,000-lumen Mazda Lamps 


14-16 


50-75 


80-1 50 


Secondary Thoroughfares 


2500-, 4000-, and 6000-lumen Mazda Lamps 


12-14 


5°~75 


50-80 


Residential Streets 
Boulevards and Park Drives 


2500- and 4000-lumen Mazda Lamps 


1 1-14 


60-100 


25-50 



After years of research and practical development the General Electric Company 
has produced illuminants and fixtures that satisfy the most exacting requirements. No 
expense has been spared in the employment of decorative and mechanical designers of the 
highest type. Flawless materials, expert workmanship and rigid inspection have con- 
tributed to the world-wide recognition of the General Electric monogram as a symbol of 
perfection. The Illuminating Engineering Laboratory of the General Electric Company, 
Schenectady, N. Y., was established to study illumination from every angle and to dis- 
seminate the knowledge gained to the public of this and other countries. The services 
of this laboratorv are extended to all. 







GENERAL ELECTRIC IN STREET LIGHTING 
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APIDLY in recent years with the expansion of business through advertising, the 
concentration of population into vast cities, the enormously increased facilities 
tor travelling and the awakening of a conscious civic pride, street lighting has 
expanded from the simple problem of providing dim beacons to guide from corner to corner 
the unfortunates who in fear and dread were forced to be about at night to the complicated 
one of flooding with light the towering structures of our cities and the streets they face, 
where in the early darkness of winter evenings crowds surge homeward, where a little 
later travellers and pleasure seekers wander leisurely here and there or bustle about between 
station and hotel or theater and cafe, and where all night long trucks and drays thread in 
and out punctuated now and then by the buzzing taxi of some late reveller. It has become 
an important problem of protecting alleyways and side streets from the rapacities of 
pernicious prowlers; of making safe and beautiful the broad tree-lined boulevards where 
day and night the spinning traffic sweeps back and forth, of beautifying and illuminating 
parks and drives so that they may be sources of pleasure and pride at night as well as by 
day, and finally of weaving a web that will help knit the nation together by turning into 
ribbons of light the highways that lead out through the open country to distant cities. 

As the problem of street lighting grew, the men to solve it appeared and developed 
organizations and machinery for its solution, but with larger and larger cities, more and 
faster traffic, tremendously increased social and commercial activity at night, street 
lighting became very, very complex; a problem not to be passed over lightly or attended to 
"left handed" by busy city fathers as in days gone by, but rather requiring trained special- 
ists, engineers with experience and artists of talent. 

From the very first the General Electric Company has been the leader in the solution 
of street lighting problems. No individual or organization has developed equipment and 
personnel for studying this subject which can be compared to those of the General Electric 
Company. This is not the result of accident, but of research. The Company very early 
came to an appreciation of the general ignorance regarding light and illumination and 
the wonderful possibilities of electricity in this field; then, convinced of the soundness 
of investment in investigation, it designed and built elaborate and expensive machines 
for measuring light and gathered engineers and scientists who could devote their lives to 
the problems of lighting. This work was not carried on in one place or from one viewpoint. 
Five separate institutions work on these problems: the Illuminating Engineering Labora- 
tory, the Street Lighting Department, the Research Laboratory, the National Mazda 
Lamp Works and the Edison Mazda Lamp Works. 

The accumulation of experience and equipment in these laboratories, and the oppor- 
tunities for the exchange of ideas between them has multiplied their effectiveness many 
fold. It is not by accident that General Electric leads in street lighting, it is through a 
more thorough understanding of every phase of street lighting. 
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THE ILLUMINATING ENGINEERING 
LABORATORY 

1ESS than a quarter of a century ago, millions of dollars were spent annually on 
lighting with little or no attention being devoted to doing it economically or 
^ scientifically. These slap-dash, rule-of-thumb methods were used then because 
the principles applying to the generation and utilization of light were not well known; 
little thought and less experiment had been devoted to this branch of physics. 




A twin^mirror selector used to obtain the distribution of light 
from large lamps with or without reflectors 



When the idea of developing a science to be known as "Illuminating Engineering" 
was brought forward, the General Electric Company was the first to establish a laboratory 
for the study of the principles underlying illumination. The original laboratory was at 
the Thomson-Houston Works at Lynn, Massachusetts. Light measuring and analyzing 
devices such as photometers, luxirneters, and luminometers, were built; lumichromoscopes 
and parachromoscopes were designed for studying the effects of different lights on colored 
materials, and indirect and semi-indirect lighting units were developed in connection with 
concentric and adjustable diffusers. Efficient forms of glassware and reflectors of various 
types made their appearance and extensive laboratory and field tests were conducted 
on them. Scientific data was compiled, and development became general in the scientific 
application of both arc and incandescent lamps. Today the scope of illuminating engineering 




A corner of one of the special test and 
demonstration rooms 



covers an exceedingly broad field. It em- 
braces the study and application of physics, 
psychology, physiology, architecture, dec- 
oration, sanitation, medicine, etc. 

In 1909 the Illuminating Engineering 
Laboratory was moved from Lynn to 
Schenectady and housed in the present 
building on Erie Boulevard. In 191 8 it 
was considerably extended in order to 
collaborate properly with the Army and 
Navy on the testing of searchlights and 
other devices for war purposes. 

The laboratory now undertakes thor- 
ough investigations of artificial illumi- 
nation and the testing of lighting units for 
ordinary and special applications. The 
work is divided into commercial investi- 
gations and applications, photometric test- 
ing and development, research and design. 
Studies have been made and require- 
ments specified for lighting mills, fac- 
tories, offices, stores, railway yards, streets, theaters, residences, churches and a host of 

other miscellaneous applications including the floodlighting of monuments, public buildings, 

athletic fields and pageants and the decorative lighting of expositions and conventions. 

A few diversified domestic examples of illumination plans worked out by the laboratory 

are the lighting of the Singer Tower, New York; 

the exterior and interior illumination of the Buffalo 

General Electric Company's building; the lighting 

of the Panama Canal Locks; illumination of 

Niagara Falls; lighting of the Hudson-Fulton 

Celebration in 1909; and the lighting of the 

Panama-Pacific International Exposition in 19K. 

Some of the most noteworthy street lighting 

propositions of recent installation are the inten- 
sive lighting of San Francisco and Los Angeles, 

California; Salt Lake City, Utah; Saratoga Springs, 

New York; and Lansing, Michigan. Through the 

International General Electric Company, the 

lighting of many streets, buildings, mills, harbors 

and waterfronts in foreign countries have been ^ no-inch integrator m which a lighting unit 
, 1 1 TI , T 1 is being suspended m order to obtain the total 

engineered bv the Illuminating Laboratory. •» — r- 

w ~ ' lumen output. During the test the iris shutter 

In addition to furnishing the regular recom- IS dosed and the htnged ^^ is folded hack 

rnendations the laboratory supplies illumination to one side 
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A studio where the decorative treatment of lighting standards and devices 

is developed, and where decorative schemes for pageants 

and expositions are wor\ed out 



data to outside depart- 
ments, sales offices, and 
through them to the general 
public. Tests are made on 
all kinds of lamps and 
lighting equipment, and 
many street lighting and 
interior systems are tested 
under actual operating con- 
ditions. Experimental tests 
are frequently carried on 
night and day when infor- 
mation is required on short 
notice. New lighting sys- 
tems are constantly being 
devised, constructed and 
tested to determine their 
commercial value for some 
special purpose. 

The research section of the laboratory carries on investigations of a scientific nature. 

The division of the Laboratory devoted to Decorative Design is probably a unique 

industrial institution. Under the direction of an accomplished artist and removed from 

the machinery of production, yet guided by technical considerations, the aim of this division 

is to add grace of form and beauty of detail to what would otherwise be purely utilitarian. In 

this studio the plans for lighting pageants and ex- 
positions have grown from mere ideas to vast and 
intricate schemes of light and shade and color 
employing all the subtle effects that can beobtained 
with floodlights, spotlights and searchlights. Here 
also are worked out the decorative treatment of 
street lighting units and standards so that the 
system may be architecturally correct in every 
detail, that it shall not only light but also beautify 
the city. 

With special reference to street lighting, the 
Illuminating Engineering Laboratory functions in 
several ways. First a study is made of the city, 
its traffic problems, the nature of its streets, the 
prevailing style of architecture, and the electrical 
distribution system. Then recommendations are 
made for lighting and finally in the Decorative 
A room in which experimental wor\ on Ugh* Design section drawings of units and ornamental 
xng fixtures is carried on standards are made up. 
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ENTRANCE TO THE RIVER WORKS 

At the River Wor\s, West Lynn, Massachusetts, are the 

General Electric Street Lighting Engineering 

and Manufacturing Departments 






THE STREET LIGHTING DEPARTMENT 

IN this age of specialization, when one knows of his brother's profession scarcely more 
than its name, it is not marvelous that the details of all professions are not generally 
understood by the layman who depends not so much upon his own knowledge of them 
as upon that of specialists in whom he feels he can place complete confidence. The details 
of street lighting are unfamiliar to him; he cannot be expected fully to understand pho- 
tometry, light distribution curves, luminous efficiencies and the still more intangible 
physiological and psychological effects of glare, contrast, color and reflection. 




Part of the Street Lighting Engineering Office 

When it comes to a question of street lighting, therefore, involving as it does in large 
cities the investment of thousands of dollars of taxpayers' money, too great pains cannot 
be taken in choosing plans and equipment which have back of them the best there is to be 
had in experienced designers and reputable manufacturers so that the installation will 
ultimately give the utmost satisfaction, artistically and economically. 

In the fields of illumination, the General Electric Company has from the very first 
been the leader. This company, created in 1892, combined "those sturdy pioneers of the 
electrical industry, the Edison General Electric Company and the Thomson-Houston 
Electric Company." 

The former was originated by Thomas Edison to develop commercially the incan- 
descent lamp and the electric dynamo, which were then new discoveries. The latter was 
formed to manufacture the electrical devices invented by Professor Elihu Thomson and 
Professor E. J. Houston, among which were practical improvements in the electric arc 
lamp which insured its success in the field of street illumination. The original Thomson- 
Houston Company had an illumination laboratory at its works in Lynn, Massachusetts, 
from which sprung what is now the Street Lighting Department of the General Electric 
Company at the River Works, West Lynn. 
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A display of many types of street lighting units and fixtures arranged for demonstration and comparison 

In this department are now gathered together a large group of engineers devoting 
their entire time to the study of street lighting problems, to the development of lighting 
units and to the improvement of manufacturing methods. With the records of all tests 
on previous designs at hand, the results of exhaustive experimental work in the Research 
and Illuminating Engineering Laboratories available, and the wealth of experience in 
practical application that is only to be had in a great organization which has been lighting 
cities since electricity passed out of the experimental stage, these men have developed 
the best possible arc and incandescent street lighting units, highway lights, traffic signals, 
floodlights, headlights, spotlights and many other devices. 

The development of auxiliary apparatus has gone hand in hand with that of the 
lighting units proper. Constant current transformers, mercury arc rectifiers, cutouts, 
special transformers and insulators have been specially adapted for use with series circuits. 
Reflectors, surge arresters, mercury contactors, circuit breakers, and protective devices 
have been designed with the same thoroughness that characterizes the lighting units proper. 

The factorv at the River Works, West Lynn, is the largest of its kind in the world. 
Over 200,000 square feet of floor space are used for manufacturing, testing and shipping 
lighting units. Hundreds of skilled draftsmen, mechanics and testmen are employed. In 
this factory are special departments for 
spinning metal, silver-plating, enamelling, 
galvanizing, sherardizing, japanning, weld- 
ing, assembling, inspecting, testing and 
shipping. Every operation is performed by 
skilled men on the very best of materials 
so that the final product may be of un- 
questioned quality. 

At Lynn, too, are facilities for ex- 
hibiting and demonstrating street lighting 
equipment. The greater part of one building 
is devoted to illustrating the principles of Testing experimental luminous arc lamps 
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Three model streets for experimentally demonstrating the effect of mounting heights, spacings, 
road surface and size of light source 

street lighting by actual examples of units of all types which are so arranged that they 
may be examined in every detail and compared with each other at close range. Station 
equipment may be seen and its operation and arrangement studied. Finally, in order to 
visualize the effect of various types of street lighting, which is very difficult to do unless 
they can be compared simultaneously, model streets have been built to scale in every 
detail and equipped with model lighting units of different kinds. These models represent 
a business street, a residence street, and a highway. They have been arranged to show 
the effect of large and small units, of different spacings, of different street surfaces, and 
of lighted building fronts. Out of doors on the streets of the River Works are full size 
lighting units of many types mounted on standards and in actual service. These may be 
observed, and compared with respect to appearance and durability. Finally, in the vicinity 
of Lynn are sections of streets and roads lighted each in every different fashion to demon- 
strate in actual practice the differences in units and types of lighting. 

In the design, manufacture and testing of street lighting units at the factory, the aim 
of the organization always is to make them more than meet the requirements established 

bv long experience and constant experi- 
ment. To do this, the allied organizations 
at Schenectady, Harrison and Cleveland 
are continually called upon for sug- 
gestions, assistance in designs, or to supply 
information which is only available in an 
organization where exhaustive and special- 
ized studies have been carried on in every 
phase of illumination. 



Spinning metal parts for street lighting units 
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THE RESEARCH LABORATORY 

Birthplace of numberless devices and processes for the improvement of lighting 
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THE RESEARCH LABORATORY 

FOR centuries scientific investigation was carried on only by isolated individuals, 
who at their own expense, and not infrequently at considerable personal sacrifice, 
sought to discover the " truth" or "laws" regarding nature. Only too often the 
results of these experiments were buried with their discoverers, suppressed as heresy by 
stupid rulers, or at least laughed to scorn by the careless people who gave not a thought 
to the benefits they might derive by lending ear to the "foolish prophets." 

Today many universities, some states, and a few industrial organizations, appreciating 
the great good arising from unrestrained scientific investigation, have fostered research 
in many ways and have done much to make the abused philosopher of a hundred years 
ago into the mighty scientists of today. 




Maying precision measurements of the temperature of an incandescent filament 

The General Electric Company was one of the first industrial organizations to realize 
that by providing facilities for the accumulation of accurate scientific knowledge, many 
facts would become known which, properly introduced to the public, would greatly add 
to the comfort, pleasure, and even the span of life of mankind. The Research Laboratory 
was, therefore, created in 1901 and mentioned that year in the annual report of the board 
of directors in the following terms: 

"Although our engineers have always been liberally supplied with every facility for 
the development of new and original designs and improvement of existing standards, it 
has been deemed wise during the past year to establish a laboratory to be devoted exclu- 
sively to original research. It is hoped that, by this means, many profitable fields may 
be discovered." 

A description of all the undertakings of the Research Laboratory since its foundation, 
the investigations it has conducted, the data it has compiled, and the assistance it has 
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Life tests of incandescent lamps 



given the engineering depart- 
ments in solving technical prob- 
lems would be a long but very 
interesting story. Of particular 
interest with respect to street 
lighting are the developments 
in illumination which have been 
made by the laboratory. If one 
were to check over the principal 
dates in the history of electric 
lighting, he would observe that 
after many of them appear the 
names of scientists in the Gen- 
eral Electric Research Labora- 
tory. 

In the year 1902 the mag- 
netite arc was developed, which 

gave alight equal to that of the old carbon arc with about one half the energy consumption. 
In 1905, Dr. W. R. Whitney, then director of the laboratory, perfected the metallized 

filament carbon lamp which was 25 per cent more efficient than the old carbon lamp. 

The year 1907 saw the General Electric Company marketing a commercial tungsten 

lamp of double the efficiency of the old carbon lamp. 

The next improvement came three years later when Dr. \Y. D. Coolidge literally 

transmuted the nature of tungsten wire by perfecting a method of making it ductile, 

pliable and very strong. This was a most noteworthy advance and one which doomed 

the old carbon lamp. 

In 1 913, Dr. Irving Langmuir of the General Electric Research Laboratory invented 

the gas-filled, tungsten filament incandescent lamp which once more doubled the efficiency 

of the electric light and made it available in sizes hitherto considered impossible. 

The improvements in the incan- 
descent lamp were not a matter of 

chance, but the outcome of persever- 
ing and arduous studies undertaken 

by scientifically trained men with 

definite objectives clearly in mind 

and the steadfast purpose to solve 

the problem of better and more 

efficient light for the service of the 

community. 

While nearly all of the products 

of the General Electric Company bear 

the result of research in one detail or 

another, it is chiefly in the field of Furnaces for treating tungsten 
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illumination that the laboratory 
has made its great name and 
much of its efforts are still 
directed toward the improve- 
ment of the electric lamp. Al- 
though apparently far removed 
from street lighting, the work 
of the laboratory has a strong 
influence on the design of modern 
lighting units. This influence is 
felt through its co-operation 
with the Mazda lamp manufac- 
turers, the Street Lighting 
Department, and the Illuminat- 
ing Engineering Laboratory, 
which, at all times, have at their 
service for the solution of the 
problems of street lighting the 







A spherical photometer for determining the total light 
emitted by a lamp or fixture 



vast resources of the Research Laboratory. It is only by thus focusing the scientific effort 
toward the solution of practical problems into a single magnificently equipped laboratory 
that the General Electric Company has been able to contribute so signally to the success- 
ful application of electric illumination. 
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ADMINISTRATION BUILDING, EDISON LAMP WORKS 

Headquarters of the Edison Mazda Lamp organization 
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EDISON MAZDA LAMPS 




An automatic glass blowing machine capable of 
ma\ing 50,000 lamp bulbs a day 



THE manufacture of incandescent lamps, 
entailing, as it does, the fashioning of 
intricate glass globes and seals, the 
handling of delicate filaments, and the pro- 
duction of high vacuums is an extremely 
specialized industry requiring exceptionally 
intricate machinery and the most skillful 
workers. The General Electric Company's 
activities in the manufacture of Mazda lamps 
comes under two divisions, the Edison Lamp 
Works and the National Lamp Works. 

Thomas Edison, having perfected the 
incandescent lamp, manufactured them in his 
laboratory till their commercial success was 
assured when he founded a factory at Harrison, 
or East Newark, New Jersey, where labor was 
more available. Since that time with the 
growing demand for lamps, the many improve- 
ments in design, and the advances in manufacturing methods, other factories, warehouses, 
and sales offices have been established by the parent organization at Harrison, until today 
the Edison Mazda Lamp Division of the General Electric Company is a nation wide 
organization. 

By the constant efforts of the engineers to make a more durable, uniform, and efficient 

product; of the sales forces to give the 
public a Mazda service which would 
insure the possibility of quantity pro- 
duction, and of the factories to produce 
better lights more cheaply, the cost of 
light has rapidly and steadily de- 
creased. At first the amount of light 
obtainable for one cent was about five 
candle-power hours; in 1904 it had 
been increased to 36, and a year later 
the introduction of the Gem lamp 
made 44 candle-power hours available 
at the same price. In 1906 the amount 
was increased to 50 by the tantalum 
Sealing in incandescent lamps lamp and when the drawn tungsten 
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Mounting filaments for incandescent lamps 



filament lamp was introduced, 63 candle-power hours could be had. Since that time, 
though the average price of current has been reduced but little, the operating efficiency 
of the tungsten lamp has been materially increased while its cost has been reduced with 
the result that it is now possible to obtain 170 candle-power hours for one cent with a 
40-watt light, while if the gas-filled lamp is used the amount of light now obtained for a 
cent would depend upon the size, which, for the one kilowatt lamp, would be 382 candle- 
power hours! Electric light is one of the very few commodities which have decreased in 
cost from the beginning. 

With the Mazda lamp the General Electric Company has placed an economical, 
safe, efficient, and flexible system of illumination within the reach of factory, store, 
home and street. Its improvements in lamps may be utilized to obtain more light 
for the same money or the same 
light for less money. America has 
chosen to obtain more light. If 
the present day intensities of light- 
ing had been obtained by using 
the carbon lamp of 1892, the cost 
of lighting now would have been 
increased one and a half billion 
dollars and there would then have 
been required 25 million tons of 
coal additional to generate the 
current. 

The Edison Lamp Works of the 
General Electric Company carries 
on independent investigations of An evacuating machine for removing the air from lamps 
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the applications of incandescent lamps to all forms of illumination. Detailed studies 
have been made of all phases of lighting to determine the best lamps to use and the 
best way to use them. Although this work parallels in some respects that of other divisions 
ot the Company, it serves as a check and a help which by co-operative exchange of data 
and ideas produces better lights and applies them more effectively. Extensive as the 
Edison Lamp Works are, they are only a single unit of a great organization for furthering 
the lighting of the world. 




Edison s first successful lamp, 
October 21 , 1879 
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THE ENTRANCE TO NELA PARK 

AJela Par\, Cleveland, Ohio, is dedicated to progress in the art of lighting. It serves 

24 factories, 17 Sales EHvisions and 30,000 dealers in the production and 

marketing of 98 million Mazda Lamps annually 



NATIONAL MAZDA LAMPS 

THE National Lamp Works of the General Electric Company constitute a Mazda 
lamp manufacturing and distributing organization with factories and offices 
throughout the United States, and headquarters at Nela Park, Cleveland, Ohio. 
Nela Park was established a little more than a decade ago with the idea of making 
not merely a factory, office, and laboratory, but of creating a "university of light." The 
tar-seeing men who conceived this plan were convinced that the successful production 
of electric light was an undertaking worthy of the very best that could be had in equipment 
and personnel. When Nela Park was started, therefore, a beautiful site on a high bluff 




The Dihdin photometer used in ma\ing distribution curves of large 
pendent lighting units 

looking toward Lake Erie over the city of Cleveland was chosen, and plans were carefully 
made for buildings and grounds which would eventually form one of the world's most 
impressive industrial units. 

Today visitors at Nela Park are astonished at the result. Can it be that these dignified 
buildings, this calm campus, the orderly rooms, green gardens and wooded ravine are part 
of an industrial machine where 15,000 lamps are manufactured daily, headquarters for 
National Mazda distribution and service, and the seat of laboratories which by experiment- 
ing, testing, calculating and designing are continually planning better lamps and better 
methods of manufacturing them? Is it commercially possible to make industrial sur- 
roundings so attractive as these? 
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An exhibition of ornamental street lighting equipment made possible through the co-operation of the 
principal post and fixture manufacturers of the country 

The answer to these questions is yes. The increasing quality of Mazda lamps and 
their decreasing cost attests to the fact that these high standards in aesthetic environment 
attract the best workers for office and factory and stimulate their efforts toward perfection. 

The reaction of the public toward better and cheaper lights for store, factory, home 
and street indicates the success with which the many types of incandescent lamps are 
manufactured. In the United States there are 350 million lamps now (1923) in use and 
the number is increasing annually by a tenth. More than 200 million lamps are put into 
new installations or are used for renewals every year. The use of incandescent lamps in all 
the other countries of the world put together just about equals that in the United States! 
That the public is utilizing the improve- 
ments in lamp efficiency by increasing the 
illumination is denoted by the fact that the 
average candle-power of standard lamps 
has increased from 16, which prevailed 
prior to 1905, to over 60, while the average 
wattage has not varied much during the 
twenty-odd years, the average lamp now 
consuming 55 watts. 

The use of incandescent lamps for 

street lighting has increased tremendously r rt ■„ , , ^ L ♦ j r c j- ■ «. . . 

. & . - A horizontal photometer used for Ending the distri- 

since the introduction of gas-filled lamps. hutwn curves of small lighting units 
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East 152nd St., Cleveland, an outdoor laboratory of street lighting where forty circuits demonstrate as 
many different types of street lighting at the closing of a switch 

This is especially true for the series lamps of which so many are manufactured that one 
out of every 50 lamps is now for series street lighting. 

All credit for the improvements in lamp design and manufacture obviously 
cannot be attributed to work at Xela Park; it would be hardly possible for one 
organization to conceive the many changes which have in so short a time placed the electric 
lamp in the position it now occupies. Yet in a larger sense, it is one organization which 
has contributed most to the perfection of the electric lamp. Repeatedly the General 
Electric Company from one branch or another has brought out modifications, some slight, 
some great, but all alike in that they increase the efficiency or the utility of the lamp. 
The laboratories have contributed, the factories have contributed, engineers and scientists 
have contributed, each availing himself of the offerings of others in the making of a highly 
standardized product uniformly dependable whether manufactured in a Mazda Lamp 
Works in Massachusetts or in California. 

Each factor which has contributed its part to the perfection of the electric lamp 
also adds to the combined resources of the General Electric Company in street lighting. 
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STREET LIGHTING SPECIALISTS 

A convention of General Electric Street Lighting Specialists at Swampscott, Massachusetts. 



STREET LIGHTING SPECIALISTS 

"^ UNCTIONING as a link between thoseinterestedinstreetlightingandthecentralized 
W organization of the General Electric Company, the Street Lighting Specialists 
JL stationed about the United States bring the services and resources of the Company 
to every city and town. These men through training and experience understand the 
economic and technical aspects of street lighting and by close co-operation with the main 
office, factories and laboratories are able to make recommendations for installations of 
every type from that of the remote hamlet needing only a few scattered lights to the 
great metropolis with blazing streets. 

The problems of street illumination are economic as well as technical. Obviously in 
any city the ideal condition would be to have all the streets as well lighted by night as by 
day and to have all lighting units harmonious in design with their surroundings; but no 
city, however extravagant its plans for civic betterment, can afford more than an approach 
to this ideal. Therefore, by carefully considering the factors involved, these General 
Electric Street Lighting Specialists aim to make recommendations which will give the 
most effective street lighting installations for the least ultimate expenditure. Back of the 
specialists are the Street Lighting Department, the Illuminating Engineering Laboratory, 
the National and Edison Mazda Lamp organizations and the Research Laboratory. 
They speak for the General Electric Company. 
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